Our objective here is to give examples of manifolds M
Introduction.
It is known that if X is simply-connected and either a compact topological manifold [2] or a finite polyhedron satisfying the Shi condition [1, p. 139] , then the converse of the Lefschetz Fixed Point Theorem is valid, i.e. if the Lefschetz number L(f) of a map /: X^X is zero, then there is a map g: X-^X homotopic to / which has no fixed points. This converse remains valid if the condition of simple-connectivity is relaxed to that of Jiang [1, p. 141] .
Our objective here is to give examples of manifolds M n in all dimensions which admit self-maps / (homeomorphisms, in fact) with L(/) = 0 such that every map homotopic to / has two or more fixed points.
We will use an approach due to G. Hirsch [3] which detects essential Nielsen classes using two-fold covers. In the following section we outline a generalization of this procedure.
The generalized Hirsch method.
Let X be a compact ANR and p: X -> X a finite connected regular covering of X. Let H = p#π x {X). For maps /: X->X which admit lifts /, we will define a number N H (J) which is no larger than the Nielsen 195 number N(f) and which is easier to compute because it may be smaller and because it is defined with reference to /*: H*(X)->H*(X) rather than to the local fixed point index.
Let / be as mentioned, and notice that since p is regular, we have assumed there is a collection of lifts having as many members as the multiplicity of p. Let Fix(g) denote the set of points fixed by a map g. lίfe% then pFix(f)CFix(f).
If/,/'£« and pFix(f)ΠpFix(fVΦ, then there is a covering transformation γ: X -> X such that
Whenever the conjugacy relation (1) prevails, we find that p Fix (/) = /? Fix (/').
It is convenient to summarize this situation in the following way. The group G of covering transformations acts on % by conjugation, partitioning ^ into a collection %!/G of (let us say k) conjugacy classes.
To (1) / lifts to fJ':X-+X,
Then every map homotopic to f has two or more fixed points.
Proof. If γ is the nontrivial covering transformation, then by (2),
3.
Relation of the Hirsch method to the Nielsen number. Suppose X, X, p, / are as above. Let us retain the notation used before, and let N(f) denote the Nielsen number of /. Later in this section, we will prove the following. N H (f) . This is the case covered by Jiang [4] .
200

DAN McCORD
4. An example in dimension two. We will exhibit a homeomorphism /: X -> X of the orientable surface of genus 2 for which L(/) = 0 and to which Corollary 1 applies. We will employ certain elementary surface homeomorphisms that have been described by W. B. R. Lickorish [5] :
Let the 2-manifold M contain an annulus, A, one of the boundary components of which is a simple closed curve c. There is a homeomorphism of A to itself, fixed on the boundary of A, which sends radial arcs onto arcs which spiral once [or several times] around A (see Figure  1 ). This can be extended to a homeomorphism of M to itself, by the identity on M -A. Intuitively this homeomorphism can be thought of as the process of cutting M along c, twisting one of the now free ends, and then gluing together again.
Our double covering of X is by X, the orientable surface of genus 3. As indicated in Figure 2 , such a covering is obtained by wrapping the center hole of X twice around the left hole of X. Alternatively, this projection may be regarded as the process of cutting X along the two unlabeled simple closed curves and then mapping each half onto X by first identifying its two boundary components and then mapping the resulting space homeomorphically onto X so that the identified curve maps onto the unlabeled simple closed curve in X. The other curves in Figure 2 are the free Abelian generators of H λ (X) and H λ (X).
The homeomorphism f:X-*X is a composition of Lickorish twists. On the left hole of X first perform a single twist at β λ twisting in the direction that sweeps a λ backward along β u and then perform a double twist at a λ in the direction that sweeps β ί forward along a λ . The effect of this composition on the two generators a u β x is described by the matrix /I -1W1 OW-1 -Γ V0 \)\2 1/ V 2 1, Do nothing to the other hole of X so that α 2 , β 2 are transformed by the identity matrix. Since / is an orientation preserving homeomorphism, And thus L(/)= 1-2+1 = 0. The lifts /, /' of / are each a composition of twists (and covering transformations). We may describe the more obvious one, /, as follows. On the center hole, / is two twists at β 2 in the direction that sweeps ά 2 backward along β 2 followed by a single twist at ά 2 in the direction that sweeps β 2 forward along ά 2 . The associated matrix is The other holes are undisturbed. We find L(f) =1-4+1= -2.
Since /£ = (γ/)* = γ*/*, it is easily shown that L(J f )= + 2. Thus all of the conditions of Corollary 1 are satisfied. 
